Induction of a caffeine-sensitive S-phase cell cycle checkpoint by psoralen plus ultraviolet A radiation.
Induction of interstrand crosslinks (ICLs) in chromosomal DNA is considered a major reason for the antiproliferative effect of psoralen plus ultraviolet A (PUVA). It is unclear as to whether PUVA-induced cell cycle arrest is caused by ICLs mechanically stalling replication forks or by triggering cell cycle checkpoints. Cell cycle checkpoints serve to maintain genomic stability by halting cell cycle progression to prevent replication of damaged DNA templates or segregation of broken chromosomes. Here, we show that HaCaT keratinocytes treated with PUVA arrest with S-phase DNA content. Cells that had completed DNA replication were not perturbed by PUVA and passed through mitosis. Cells treated with PUVA during G1-phase continued traversing G1 until arresting in early S-phase. PUVA induced rapid phosphorylation of the Chk1 checkpoint kinase at Ser345 and a concomitant decrease in Cdc25A levels. Chk1 phosphorylation, decrease of Cdc25 A levels and S-phase arrest were abolished by caffeine, demonstrating that active checkpoint signaling rather than passive mechanical blockage by ICLs causes the PUVA-induced replication arrest. Overexpression of Cdc25A only partially overrode the S-phase arrest, suggesting that additional signaling events implement PUVA-induced S-phase arrest.